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Several studies have examined the effects of music instruction on children's abilities in
other disciplines. Other studies have explored the effects of listening to music on adults’
spatial abilities. Findings from these two sets of studies have been confused, leading to
claims that listening to music can improve children's academic abilities. This Digest
evaluates these claims and discusses the evidence exploring music instruction's effects
on children's spatial-temporal, mathematical, and reading abilities.

THE "MOZART EFFECT": LISTENING TO MUSIC

The term "Mozart Effect"” refers to the finding that 36 college students who listened to 10
minutes of a Mozart sonata scored higher on a subsequent spatial-temporal task than
after they listened to relaxation instructions or silence. The effect lasted approximately
10 minutes (Rauscher, Shaw, & Ky, 1993). Although the effect was replicated by
several researchers, other researchers were unable to reproduce it (Hetland, 2000a).
Research on the causes and limitations of the effect in adults is ongoing (Husain et al.,
2002).

The Mozart Effect was studied only in adults, lasted only a few minutes, and was found
only for spatial-temporal reasoning. Nevertheless, the finding has spawned a Mozart
Effect industry that includes books, CDs, and Internet sites claiming that listening to
classical music can make children "smarter." In fact, no scientific evidence supports the
claim that listening to music improves children's intelligence. Two related studies tested
the Mozart Effect with 103 children ages 11 to 13 years (McKelvie & Low, 2002). The
researchers found no experimental support for the effect in children, concluding that "it
is questionable as to whether any practical application will come from it" (p. 241).
Although the Mozart Effect is of scientific interest, its educational implications appear to
be limited.

MUSIC INSTRUCTION AND
SPATIAL-TEMPORAL ABILITY

A meta-analysis of 15 studies involving 701 children ages 3 to 12 years suggests that
children provided with music instruction score higher than controls on spatial-temporal
tasks (Hetland, 2000b). Spatial reasoning is important to many fields and to core
concepts in mathematics, such as proportions and fractions. Effects of keyboard
instruction have been found for children ranging in age from 3 to 9 years, with the
largest effects found for the youngest children (Bilhartz, Bruhn, & Olson, 2000; Costa-
Giomi, 1999; Gromko & Poorman, 1998; Rauscher et al., 1997; Rauscher & Zupan,
2000). Although most studies have employed keyboard instruction, a recent study
examined the effect of keyboard, singing, and rhythm instruction separately on the
spatial perception of 123 economically disadvantaged 3- and 4- year-old children
(Rauscher & LeMieux, 2003). The three music groups scored higher on spatial tasks
following music instruction than did a control group, with the rhythm group scoring
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higher than all other groups on sequencing and arithmetic tasks. Verbal, matching, and
memory tasks were not significantly affected, demonstrating the specificity of the effect
to tasks requiring spatial abilities. This finding suggests that different types of music
instruction affect different aspects of cognition.

There has been some question as to the durability of cognitive enhancements found for
children who receive music instruction. One study found that 9-year-old children who
were provided with piano instruction indeed scored higher than controls on a
spatial-temporal task immediately following the instruction. However, no differences
between the music and control groups were found after two years of instruction
(Costa-Giomi, 1999). A follow-up study revealed that participants who began music
instruction before age 5 scored significantly higher on spatial tasks than those who
began later or did not receive instruction (Costa-Giomi, 2000). This study did not
address the possibility that other non-musical factors, such as musical aptitude, parental
involvement, or socioeconomic factors may have affected the outcome. The author
concluded that children who begin music instruction very early in life are likely to show
the greatest benefits in spatial development. Supporting this conclusion are studies that
explored the effect of classroom keyboard instruction (Rauscher & Zupan, 2000;
Rauscher, 2002). Children who began instruction at age 5 scored higher on
spatial-temporal tasks than children who did not receive the instruction. The scores of
children who began instruction after age 7 did not differ from controls. Finally, a recent
study found that children who received keyboard instruction for two years beginning at
age 3 (n = 31) continued to score higher on spatial-temporal and arithmetic tasks two
years after the instruction was terminated (Rauscher & LeMieux, 2003). The age at
which children begin instruction appears to affect the duration of extra-musical cognitive
outcomes, and longitudinal research suggests that at least two years of music
instruction are required for sustained enhancement of spatial abilities (Rauscher, 2002).

MUSIC INSTRUCTION AND MATHEMATICS

Some studies have found that music instruction can also affect certain mathematical
abilities. Researchers compared the proportional reasoning scores of several groups of
children (n = 136, ages 7 to 9 years), including one group who received
computer-generated spatial-temporal training alone and another group who received the
same spatial- temporal training coupled with piano keyboard instruction (Graziano,
Peterson, & Shaw, 1999). The proportional reasoning of the children was then tested.
Although both groups scored higher than a control group, the group that included piano
training scored significantly higher than the group that did not.

A more recent study found that at-risk children who received two years of individual
keyboard instruction scored higher on a standardized arithmetic test than children in
control groups, including a group that received computer instruction to rule out a
possible Hawthorn effect (Rauscher & LeMieux, 2003). Children who received singing
instruction also scored higher than controls. Children who received instruction on
rhythm instruments performed best on a mathematical reasoning task.
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A meta-analysis combining six experimental studies provides tentative support for the
notion that music training affects mathematical achievement (Vaughn, 2000). However,
six is a very small number, and more research is clearly needed. Several correlational
studies do, however, suggest a relationship. For example, one study involving 96
children, ages 5-7 years, found that those who received 7 months of supplementary
music and visual arts classes achieved higher standardized mathematics scores than
children who received the schools' typical music and arts training (Gardiner et al., 1996).
Unfortunately, random assignment was not possible due to logistics and the school
administrators' need to keep classes intact. Furthermore, the music instruction was
provided in conjunction with arts training, making it impossible to determine if the effects
found were due to music instruction or arts training.

MUSIC INSTRUCTION AND READING

A meta-analysis of a set of 24 correlational studies, some involving sample sizes of over
500,000 high school students, found a strong and reliable association between music
instruction and reading test scores (Butzlaff, 2000). A more recent study found that
ninety 6- to 15-year-old boys with music training had significantly better verbal memory
than children without such training (Ho, Cheung, & Chan, 2003). The longer the training,
the better the verbal memory. These studies provide some support for a correlation
between music instruction and verbal abilities.

However, a meta-analysis conducted on six experimental studies provided little
evidence of a causal relationship (Butzlaff, 2000). The effect sizes were highly variable,
indicating that the overall finding is not stable. Therefore, it is unwise to conclude that
music affects reading ability based on this analysis.

Experimental research performed with 8- to 11-year-old children with reading problems
found that the reading skills of children who received music instruction (n = 6) were
significantly higher than those of children who did not receive the instruction (n = 6)
(Douglas & Willatts, 1994). However, a study of nine dyslexic boys with a mean age of
8.8 years found that music instruction improved rapid temporal processing skills,
phonological skills, and spelling skills, but not reading skills (Overy, 2002). Overall, the
studies suggest that it is premature to conclude that music instruction affects reading
ability.

CONCLUSION

The research suggests that music may act as a catalyst for cognitive abilities in other
disciplines, and the relationship between music and spatial-temporal reasoning is
particularly compelling. However, several concerns remain unaddressed. Little is known
regarding the exact aspects of music instruction that contribute to the transfer effects.
Also, further longitudinal studies are needed to determine the duration of these effects.
Another concern is that currently available tests of reading and math achievement may
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not be sufficiently sensitive to the complexity of language and mathematical learning
potentially affected by music instruction. Although it appears that parents, educators,
and policy makers can now consider enhanced spatial-temporal ability to be a viable
outcome of music instruction, the evidence supporting enhanced mathematical or
reading ability is equivocal. Finally, although the research has strong implications for
policy and practice, care must be taken to ensure that scientific goals do not displace
developmentally appropriate music instruction (see, e.g., Music Educators National
Conference [1994]).

FOR MORE INFORMATION

Bilhartz, T. D., Bruhn, R. A., & Olson, J. E. (2000). The effect of early music training on
child cognitive development. JOURNAL OF APPLIED DEVELOPMENTAL
PSYCHOLOGY, 20(4), 615-636.

Butzlaff, R. (2000). Can music be used to teach reading? JOURNAL OF AESTHETIC
EDUCATION, 34(3-4), 167-178.

Costa-Giomi, E. (1999). The effects of three years of piano instruction on children's
cognitive development. JOURNAL OF RESEARCH IN MUSIC EDUCATION, 47(3),
198-212. EJ 604 142.

Costa-Giomi, E. (2000). The relationship between absolute pitch and spatial abilities. In
C. Woods, G. Luck, R. Brochard, F. Seddon, & J. A. Sloboda (Eds.), PROCEEDINGS
OF THE SIXTH INTERNATIONAL CONFERENCE ON MUSIC PERCEPTION AND
COGNITION. Keele, UK: Keele University, Department of Psychology.

Douglas, S., & Willatts, P. (1994). The relationship between musical ability and literacy
skills. JOURNAL OF RESEARCH IN READING, 17(2), 99-107. EJ 492 757.

Gardiner, M. F., Fox, A., Knowles, F., & Jeffrey, D. (1996). Learning improved by arts
training. NATURE, 381, 284.

Graziano, A. B., Peterson, M., & Shaw, G. L. (1999). Enhanced learning of proportional
math through music training and spatial-temporal training. NEUROLOGICAL
RESEARCH, 21(2), 139-152.

Gromko, J. E., & Poorman, A. S. (1998). The effect of music training on preschoolers'
spatial-temporal task performance. JOURNAL OF RESEARCH IN MUSIC
EDUCATION, 46(2), 173-181. EJ 612 202.

Hetland, L. (2000a). Listening to music enhances spatial-temporal reasoning: Evidence
for the "Mozart Effect." JOURNAL OF AESTHETIC EDUCATION, 34(3-4), 105-148. EJ
658 281.

Hetland, L. (2000b). Learning to make music enhances spatial reasoning. JOURNAL
OF AESTHETIC EDUCATION, 34(3-4), 179-238. EJ 658 284.

ED480540 2003-09-00 Can Music Instruction Affect Children's Cognitive Development? Page 5 of 7
ERIC Digest.



WWw. eri c. ed. gov ERIC Custom Transformations Team

Ho, Y., Cheung, M., & Chan, A. S. (2003). Music training improves verbal but not visual
memory: Cross-sectional and longitudinal explorations in children.
NEUROPSYCHOLOGY, 17(3), 439-450.

Husain, G., Thompson, W. F., & Schellenberg, E. G. (2002). Effects of musical tempo
and mode on arousal, mood, and spatial abilities. MUSIC PERCEPTION, 20(2),
151-171.

McKelvie, P., & Low. J. (2002). Listening to Mozart does not improve children's spatial
ability: Final curtains for the Mozart effect. BRITISH JOURNAL OF DEVELOPMENTAL
PSYCHOLOGY, 20(2), 241-258.

Music Educators National Conference (MENC). (1994). THE SCHOOL MUSIC
PROGRAM: A NEW VISION. Reston, VA: Author.

Overy, K. (2002). DYSLEXIA AND MUSIC: FROM TIMING DEFICITS TO MUSIC
INTERVENTION. Unpublished doctoral dissertation, University of Sheffield.

Rauscher, F. H. (2002). Mozart and the mind: Factual and fictional effects of musical
enrichment. In J. Aronson (Ed.), IMPROVING ACADEMIC ACHIEVEMENT: IMPACT
OF PSYCHOLOGICAL FACTORS ON EDUCATION (pp. 269-278). New York:
Academic Press.

Rauscher, F. H., & LeMieux, M. T. (2003, April). PIANO, RHYTHM, AND SINGING
INSTRUCTION IMPROVE DIFFERENT ASPECTS OF SPATIAL-TEMPORAL
REASONING IN HEAD START CHILDREN. Poster presented at the annual meeting of
the Cognitive Neuroscience Society, New York.

Rauscher, F. H., Shaw, G. L., & Ky, K. N. (1993). Music and spatial task performance.
NATURE, 365, 611.

Rauscher, F. H., Shaw, G. L., Levine, L. J., Wright, E. L., Dennis, W. R., & Newcomb,
R. L. (1997). Music training causes long-term enhancement of preschool children's
spatial-temporal reasoning. NEUROLOGICAL RESEARCH, 19(1), 1-8.

Rauscher, F. H., & Zupan, M. (2000). Classroom keyboard instruction improves
kindergarten children's spatial-temporal performance: A field experiment. EARLY
CHILDHOOD RESEARCH QUARTERLY, 15(2), 215-228. EJ 633 368.

Vaughn, K. (2000). Music and mathematics: Modest support for the oft-claimed
relationship. JOURNAL OF AESTHETIC EDUCATION, 34(3-4), 149-166. EJ 658 282.

References identified with an ED (ERIC document), EJ (ERIC journal), or PS number

Page 6 of 7 ED480540 2003-09-00 Can Music Instruction Affect Children's Cognitive Development?
ERIC Digest.



ERIC Resource Center WWw. eri c. ed. gov

are cited in the ERIC database. Most documents are available in ERIC microfiche
collections at more than 1,000 locations worldwide (see
http://www.ed.gov/Programs/ERODY/). They can also be ordered through EDRS:
800-443-ERIC or online at http://www.edrs.com/Webstore/Express.cfm. Journal articles
are available from the original journal, interlibrary loan services, or article reproduction
clearinghouses such as Ingenta (800-296-2221).

ERIC Digests are in the public domain and may be freely reproduced.

This project has been funded at least in part with Federal funds from the U.S.
Department of Education under contract number ED-99-CO-0020. The content of this
publication does not necessarily reflect the views or policies of the U.S. Department of
Education, nor does mention of trade names, commercial products, or organizations
imply endorsement by the U.S. Government.

ABOUT ERIC/EECE DIGESTS...

ERIC/EECE Digests are short reports on topics of current interest in education. Digests
are targeted to teachers, administrators, parents, policy makers, and other practitioners.
They are designed to provide an overview of information on a given topic and
references to items that provide more detailed information. Reviewed by subject experts
who are content specialists in the field, the digests are funded by the U.S. Department
of Education.

All ERIC/EECE Digests are available free in original printed form directly from the
clearinghouse. For additional information on this topic, please contact ERIC/EECE
directly at ericeece@uiuc.edu or 1-800-583-4135.

Title: Can Music Instruction Affect Children's Cognitive Development? ERIC Digest.
Document Type: Information Analyses---ERIC Information Analysis Products (IAPS)
(071); Information Analyses---ERIC Digests (Selected) in Full Text (073);

Available From: ERIC Clearinghouse on Elementary and Early Childhood Education,
Children's Research Center, University of lllinois, 51 Gerty Dr., Champaign, IL
61820-7469. Tel: 800-583-4135 (Toll Free); Tel: 217-333-1386; Fax: 217-333-3767,
e-mail: ericeece@uiuc.edu; Web site: http://ericeece.org. For full text:
http://ericeece.org/pubs/digests/2003/rauscher03.html.

Descriptors: Adults, Cognitive Development, Developmentally Appropriate Practices,
Listening, Mathematics Skills, Music, Music Education, Reading Skills, Research
Problems, Rhythm (Music), Spatial Ability, Transfer of Training, Young Children
Identifiers: ERIC Digests, Mozart Effect

ED480540 2003-09-00 Can Music Instruction Affect Children's Cognitive Development? Page 7 of 7
ERIC Digest.



	Table of Contents

